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FOREWORD

The area of Sonobuoy performance prediction is of vital importance for continued im-
provement in our Antisubmarine Warfare (ASW) capabilities. As part of the Naval Ocean-
ographic Office's investment in ASW, the Environmental Systems Division specializes in
on-scene predictions. This report identifies the major on-scene sonobuoy performance
prediction programs and analyzes the characteristics of each. This information should
prove a valuable contribution to future fleet improvements in on~scene prediction,
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C. H. Bassett
Captain, USN
Commanding Officer
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ENECUTIVE SUMMARY

Mare teateres of tactionl procrams ADFPS, TASDA, AZOL and SPAN e comparalile,
~ome are nat, boach of the programs offers different advantages in user input, computa-
trom vinie, and outpot measure of effectivencss, This report desceribes the comparable
and enique tentures of each procram,  No attempt has been made to evaluate the accuracy

ot cutpat values,

In an open environment where there is little or no information about the target, the
simulation programs give varving results.  The data in this report show that these programs
cvaluate probability of detection (POD) differentlv for the same set of patterns and input
values, By analvzing cumulative POD curves there are general relationships that can be ob-
served betyw cen the models: (1) TASDA tends to be conservative in comparison with AZO1
and SPAM at low figures of merit since it assigns a POD of 0 or 1 during a Monte Carlo trial.
(2) SPAM is the most optimistic of the three at low figures of merit since it uses a cumula-
tive time window und a weighted average to obtain POD. (3) At all frequencies and FOMs,
AZOI shows small variance between probability values for cach of the patterns since the
cadeulation of POD is time independent,  (4) SPAM is more conservative in its POD values
at high FOMs since the cumulative time window builds detection probabilities. (3) Both
AZ0OL and TASDA have a sharp breakoff point for FOM below which POD values decline
rapidly to zevo because ol the probability of deteetion vs. range curves used in each
model. Output tor ADEPS was not analyzed since the number of patterns it evaluates is
limited and the output is a conditional probability of detection. Differences between com-
puter models need to be investigated further, IHowever, further investigation should be
hased on a real world application of the sonohuoyv programs.
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I. INTRODUCTION

Deciding on a "best” pattern is not an casy task. Ideally, after input of all available
data and execution of a sonohuoy program, program output provides an optimal sonobuoy

pattern. There are, however, manv complex decisions to make in specifying a pattern
including:

where to drop each sonobuoy,

number of sonobuovs to drop in a pattern,

<onohuov depth seltings,

length of time to monitor a pattern, and
number of patterns to drop.

All of these decisions are interrelated.  For example, the number of patterns depends on
the size of the scarch area, the aircraft on-station time and the availability of other air-
craft. Additionally, the number of buoys required for a particular pattern depends on
sonohuoy depth settings and monitoring time for cach huoy. Operational constraints and
mission goals must also be considered to provide the decision maker with the best possible
choices for each decision,

Four of the tactical sonobuoy computer programs which aid in these decisions were in-

vestigated to determine their functional effectiveness as an aid to planning search patterns,
The programs studied were:

1. Tactical Sonobuoy Decision Aid (TASDA)

2. Algorithm for Zone Optimization and Investigation (AZOI)
3. Search pPattern Assessment Model (SPAM)

4. Automated Deployment of Sonobuoys (ADEPS)

This report provides a description of the simulation techniques used in each model in Sec-
tion II. Input parameters of target intelligence, environmental data, buoy data, and aircraft
characteristics are compared in Section IIT followed by a discussion of computer output from
four scenarios in section IV, Sonobuoy pattern definition is included in Appendix A, The

propagation loss environment is described in Appendix B. Output data analyzed for this re-
port are included in Appendix C,




I1. DESCRIPTION OF COMPUTER SIMULATION MODELS

The tactical programs ADEPS, TASDA, AZOI and SPAM provide measures of effective-
ness for sonobuoy patterns. ADEPS uses a mathematical technique based on the symmetric
properties of certain sonobuoy fields to calculate conditional probability of detection, The
other models, TASDA, AZOI and SPAM, use Monte Carlo simulation techniques. In these
latter three models satistical distributions are used to simulate initial target location. If
target position and speed can be estimated, a normal statistical distribution is used. Other-
wise, a uniform statistical distribution is used and the target is considered equally likely to
be anvwhere in a search area.

Model Description for ADEPS

Two search methods are available in ADEPS (Allison, 1970), An area search rou-
tine predicts effectiveness from a latticed sonobuoy pattern with equally spaced sonobuoys.
This routine includes the following possihilities for buoy placement: 4-4, 2-2-2-2, 3-3-3,
]-8, 5-6-5, 4-4-4-4, 6-6-6-6, 16-16, 11-10-11, 8-8-8-8. A barrier search routine
assumes that a submarine is on a course perpendicular to a row of sonobuovs. Only the
area search method is examined in this report.

In the ADEPS area search routine, symmetric characteristics of the sonobuoy field
are used to divide the field into identical subareas as shown in Figure 1. A lateral range
routine computes POD versus range valucs to give the probability that a sonobuoy will
detect a target when the target is at a given range from the sonobuoy. hdividual buoy

O O O O

O @ ......... O O
° A hd 5

O O @) O

Figure 1. A Symmetrical sSubsection of a 4-4-J-1 Buoy Iield in ADFPS,
Probability of Detection is culculated for a symmetrical sub-
area of the buoy field and is used us indicator ol cflectiveness
for the entire field.

Lateral range curves ure combined to determine probability of detection at equally spaced
points i a subuarea. Conditional probability (P(t)) is computed from the sample points in a
~ubarea where the combined probability of detection is greater than or equal to 0.5, The
average distance D between consecutive detections is computed by sampling cach point
sequentially (as shown in Figure 5) and averaging the distances between OD > 0,5 sample
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In equation 1, P is a conditional probahilitv of detection in a subarea during time t,

Ph=1-¢ "t ptoo (1)
Although it is not the probabilitv that a submarine will be detected by the entire sonobuov
field, it is @« measure of the effectiveness of the/f\ield. The final product of the model is
the average conditional probability of detection (P) given that a target enters a symmetrical
subsection of the buoy field, It is determined hy averaging the values for P(t) over the on
station time period,

Model Description for TASDA

TASDA operations (NADC, 1976) are divided into two functional objectives: (1) crea-
tion of a sonohuov tacties file, and (2) application of Monte Carlo simulation to produce
optimum sonobhuoy field deployment for ASW threats. The tactics file is created by a
geometry definition program (GEOMT), TASDA uses Monte Carlo game theory to stimu~-
late 100 random tracks of a target through a sonobuoy field selected by GEOMT, Aircraft
time on station is divided into time steps. The position along a target track is computed
for each time step, If signal excess is greater than zero for two consecutive time steps,
a detection is recorded. The frequency of detected target tracks to total tracks is used
as an estimate of the expected and cumulative probability of detection, The total time
a target is detected by one or more sonobuoys divided by the number of unbroken detec-
tion intervals is output as mean holding time. The time of first detection for each target
track is recorded and the total of these times divided by the number of detected tracks
is output as mean time to first detection.
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Model Description for AZoO|

AZ0O1 (Birnbaum and Dorav, 1975 is o tactics package which includes four subprograms
Loop, Pl WAIT, and GAME,  Expected probability of detection (F PODY by a sonobuoy
field is computed in 1L.OOP, OPTI1 determines the pattern spacing which provides maximum
FPoD, WATT ealculations include cumulative probability of detection, AN uses F PO
ohtained v TOOP ta estimate an optimum buoy spacing for a given pattern with several
difterent sonobuoy characteristics, such as figure of merit (FOM) or huov depth,

In AZOL, I'POD is estimated by Monte Carlo simulation, A Jateral range curve of
probability ol detection versus signal excess is given by a receiver operating curve (ROC)H
which is determined brons o probabiliny ol false alarm of 1071 and specilic spectrum
analvzer st for a tive-minate integration time.  Signal excess versus range is deter-
mined from the OAl and the propagation loss curve, The two tables of values are combines!
to produce POD versus range values. Range from a sonobuov is determined {from a statis-
tical targel distribution,  Detection probability, Pj j, [or the jth sonobuoy at range rj from
the target is found from POD versus range values (Figure 5, In equation 2, Z(Xi, Y{) is the
expected vilue for detection when the target is at a particu'ar position (Ni, Yj). The sub-
seript 1is an index used to number target positions from 1 to N.

n o= number of sorcobuoys

I POD fur a pattern is caleulated by tuking a random sample of N turget positions.  Probu-
bility i5 caleulated for each position i as in equation 2, The probubilities are summed and
divided by N to caleulate FPOD in equation

r
e
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N = number of target positions

Cumulative probabilite of detection (CPOY i« also estimated by Monte Corlo simu-
Lotion.  The mathematical function used in the computation of CIPOD is binomial and gives
the probability of at least one detection in N trials, A time t; is chosen randomly from .
dime mterval Tusing o random number generator.  The interval [is detined by equation

Pe T - T T = a‘rcraft tine jate

Yf = tine when soncbuovs can nu
lomjer be conitarve

Ar uneertainty about the target positioa at time 4 s culeul wed from a normal statistical
di<tribution,  Detection prohabilitv at o position i~ cajeulaced as in ecpaiion 2, The maxi-

mum expected value for detection byv sonohuoy § itigure O over N target tracks at each
time t; is summed to vield cumuldative prohability of detection in equation 7.
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The CPOD in equation 5 is an estimate for the lower limit of cumulative probability of de-
tection at timne t. A large number of target tracks must be generated to obtain an estimate
of CPOD with a small variance. The number of simulations required depends on the signal
excess and the desired accuracy of output data. The probability of detecting a target that
has not yet been detected is calculated from CPOD using Bayes theorem of probability.

Figure 3. A Graph of POD vs. Range Values Computed in the AZOI Tactics Package.

Figure 4. Maximum POD Pi,j* of 3 Target Tracks at Time t; for a Sonobuoy j
in AZOI,




Model Description tor SPAM

The SPAM program computes CPOD by Monte Carlo simulation (Marin, 1976). The
range of the target from a sonohuov is found by a stochastic process. Signul excess (SI)
at time t is found from a normal distribution with mean Sk(r) and a standard deviation
of 6, 3, 10, or 12 dB. The probahility that the signal excess is greater than zero at range
ris given by equation 6 (Marin, 1976).

y (x = SE(r.))
e . ] 7/ (e
,'1|>E«_ . N i € - -om-em——e-- o dX (b))
.. *) . .
et = standard deviation
of signal excess
To use cquation 6 in a simulation model, it is necessary to introduce a time element, The
expression Pty is introduced as the probability that a target is not detected at range r;
during time t;.  The following equations arce assumed for the time element.

Poot,) - Lt + 0 (t,) where 1im O(t}/t = 0O (73]
it i1 i

t -0
5] A . { ¥ - - i A (\\ - ] “Y‘
V.i(ti) + .1j(ti) 1 where 111(~,, 1 (71
AN ty - '1J(t1) * -‘-1\]-( t) 7¢

F.gquation 7a states that the probability of detection Pj(ty) is proportional to some constant
)‘i plus some higher order terms.  The higher order terms in equation 7a can be neglected
for a small time period t.  LEquation 7b states that the target is cither detected or not
deteeted where the probability M;(0) of no detection at any range with no time clapsed at
that range is one.  Equation 7¢ assumes that no detection at time t and no detection at time
t+ At are independent events.  The assumptions lead to an exponential statistical distribu-
tion for Piity. The SPANM program uses the equation (Marin, 1975)

o i
Pt 1 o-e for t 0 A

in o simulation technique cialled the cumulative time window (CTW), The lencth of time to
necessary for a sonobuov j to detect o target and the length time 4 between time steps

are input, Probabilities Pi(t;) are computed and compared with random numbers to
detervmine when a detection oceurs, A program trial ends cither when a detection occurs
or when the direraft on station time expires.  The upper limit for cumulative probability of
detection is obtained by combining single buoy probabilities independently in equation 9.

At)) 19)

n = humber of sonohuoys

A lower limit for probability ol detection at time t4 is obtained assuming complete
dependencs as in equation 10,




(POt ;1,’\x(¥’.(ti)) i=],- i

).
min J
n = number of sonobuoyvs

SPAM outputs cumulative probability slightly less than hallay between the two extremes
using equation 11,

CPOD = .45 (CPOD + (POD

ma x nn'n) + Chon

min Ry

Summary of Model Descriptions

Iuch of the models calculates probability of detection at some time t; in order to
arrive at an estimate for FPOD, ADEDS calculates the average conditional probability
Pina svmmetrical subarea of a buov pattern, TASDA computes probability of detec-
tion by ane or more buovs (PD1y using Monte Carlo simulation of 100 target tracks and a
detect (POD = 1) or no detect (POD = 0) analysis for each track. AZOT uses a binomial
distribution {function to calculate FPOD where a value along a time track is chosen random-
Iv. SPAM uses Monte Carlo simulation and averages Pj(t)) (previously defined) obtained by
assuming dependence of sonobuovs with I’j (t;) obtained by assuming independence of sono-
buovs,

Fach of the models estimates cumulative probability of detection., ADIDPS uses an
exponential expression to estimate CPOI., TASDA uses a detect-no detect Monte Carlo
mathematical technique, AZOI uses some of the FPPOD calculations to obtain an estimate
for the lower limit of CPOD, In the uniform case CPOD is time independent and is equal
to EPOD. SPAM uses a cumulative time window (CTW) defined by tg and t1 to calculate
CProbn,
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1, SCENARIO DEFINTTTON

Five sonobuoy patterns emploved by ASW tactlicians were chosen lor data analvsis in
scenario 1 the circle (ellipse in the normal case), t-1 1-1, chevron (chevron skew in
the normal case), 5-6-5, and brushtac putterns.  Their configurations are delined in
Appendix A, The same input for target intelligence, environmental data, and aireraft
characteristics were used so as o evaluate the effectiveness of cach pattern.  Output
was generated for one-half hour, one hour, and four hours of tlight time in all cases
preceding the airceraft's arrival on-station. The aircraft remained on-station four hours
in all cases for scenario 1. The circle, ellipse, 1-4-4-4 and chevron skew patterns
were evaluated in scenario 2. The on-station time was extended trom four to 16 hours
in the sccond scenario and output wais gencrated tor one hour time late.  In scenario 3,
the cirele, ellipse, 4-1~-1-4 and chevron skew patterns were searched in quarters hy
four plunes with one hour time late and four hours on station.  Scenario 4 used the
same target data, buoy data, and aivceraft data input as scenario 3, however, environ-
mental input was changed for other comparison purposes.

Scenarios 1-3 were based on the following environmental input.  An XBT temperature
profile to 7530 meters recorded 6 July 1971 in the Pacilic Ocean at latitude 35° 3%' North
and longitude 125° 59" West was input into the Integrated Command ASW Prediction System
(ICAPS) PROTGEN computer prog.e.n.  This program merged the observed depth-
temperature pairs with a deep historical protile to vield a total temperature profile with
hottom depth at 4000 meters.  The program then caleulated a sound speed prolile trom the
total temperature profile and historical salinity vadues. The sound speed profile, which
exhibited a depth excess indicative of convergence zone environment (Iigure 5), was input
into the ICAPS Fast Asymptotic Coherent Transmission (FACT) program to determine
acoustic propagation loss. By varying the target depths, receiver depths, and detection
[requencies inserted into the FACT program nine propagation loss (PL) curves were
generated.  These curves appear in Appendix B.

‘The environmental input for scenario 1 was a Gulf Stream profile from latitude 39° 34"
North longitude 70° 29' West recorded 17 November 1969, It was merged with 1CADPS deep
historv data to produce a total profile with bottom depth 2400 meters (I'igure 6y, An At-
lantic slope water profile at latitude 39° 35" North, longitude 71° 30° West recorded 18 Nov-
ember 1969 was merged to produce a total profile with the same bottom depth (Figure 7).
Two different profiles werc used in scenario | in order to show the effect of varving the
environment on the tactical programs. since scenario 4 uses environmental input which
is different from the other 3 scenarios, its outptut does not directly compare with output
from the first three scenarios.
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A PROCESSING REQUIREMIENTS

All four tuctical sonobuoy computer programs require buoy input, target input, and
cenvironmental input. ADEPS does not require airceraft input. Some input values are preset
in cach program so that the user need not specify a long list of values. Data processing
inputs for the four scenarios considered in section Voare given in Table 1.

Buoy Input

Juov input which define sonobuov patterns for evaluation is shown in Table 2. In
ADLEPS the total number of sonobuoys input must be a multiple of cight. Area dimensions
are required and are used to calculate a buoy spacing. The buoys are equally spaced to
cover :n entire area. ADEPS is the most limited program in terms of huoy input, but the
svmmetric patterns allow rapid processing. The only geometries available in the ADEPS
preset pattern package, applicable for this study, were the 4~4-4-4 pattern and the 5-6-5
pattern with a uniform target distribution.

TASDA requires the number of sonobuoys, buoy position assignment, the number of
different spacings, and buoy spacing limits as input. Patterns are input using a sonobuoy
position planner chart. Optionally, the user may input buoy positions in x-y coordinates to
define a pattern. GEOMT is a preprocessor program for TASDA and creates a tactics file
of up to 20 sonohuoy patterns with as many as 64 buoys in each pattern. This preprocessing

I'able 1. Data Processing Requirements
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feature comhines S10 cases shown in Table 1 into 162 runs for processing. Run time and
buov input time are reduced sinee buov positions are simply recalled from GEOMT rather

than routinely entered,

Table 2.

Buoy Input

| ADEDPS TASDA AZOI SPAM
i

i Coordinates X X X
(? Sprcing X X X X
C Buoy Transformation X X
. Preset Patterns X

[

i Geomeltries X

| Ambient Noise SDev X

e _

In AZOI a pattern geometry is defined by specifying a set of x-y coordinates for euach
bhuoy. A lactor for converting relative distance to nautical miles must be specified. Four
tyvpes of transformations may change the basic pattern: x-spacing expansion, y-spacing
expansion, pattern shift along the x-axis, and rotation of the pattern about the origin.

In SPAM the user specifies the number of sonobuoys and the x-y coordinates in nauti-
cal miles for each buoy. Buoy coordinates are input in the order in which the buoys are
deployed.  As the buoys are dropped, the user-specified radio-frequency (RF) range is
used to determine if a sonobuoy can be monitored. After the pattern is complete, SPAM
simulates monitoring constraints. The uscr specifies the average number of buoys that
an airceraft can monitor and the monitoring time. Using the value for the average number
of buoys, the program randomly selects buoys from the pattern and only these buoys will
be used to determine if a detection occurs,

Target Input

There are twenty target inputs as shown in Table 3. In ADEPS only four of the inputs
are applicable. Target speed is input. The area search option corresponds to an cvenly
spaced position input where the target remains in the search area at fixed positions. The
barrier scarch option corresponds to the univariate normal input where the target is
assumed to progress towards a barrier with a target track perpendicular to the barvier.
Only the evenly spaced input is used in this study to search an area with 5-6-3 and d-1-1-1
patterns.

Twelve of the twenty target inputs apply to TASDA. Target speed is required.  The
target type must be specificd as nuclear or conventional, holding or transiting. A nuclear
holding target was used for this study (sce Table 1). Target location may be described
in two wayvs:

1. A uniform time-dependent density function assumes that the target density is
random over a designated rectangle (Figure ®).
13
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2. A Bessel normal distribution function is generated from an initial bivariate
normal density function that is expanded at a rate equal to input target speed

(Figure 9).

Both target location functions were used in this study.

Table 3.

Target Input

Target Movement ADE PS TASDA AZOI SPAN
Course X N
Course standard Deviation h
Course Limits X
Speed X X X X

é speed standard Deviation X X
. Velocity Vector X
E Conventional X
Nuclear X
! Holding X
: [ransiting X
Distance Traveled X
Snorkel Cycle X
Target lLocation standard eviation X X

Initial ‘Turget Tocation Density Functions
Fvenly spuced positions X
Unitorn Time-dependent X
Uniterm Time-independent X h
Uiy ariate normal X N

v el normal X 3
Biviariate normal \ X
LJ ime-dependent bivariate normal h

VZ0 L uses seven ol twenty target inputs,  Twrset speed and speed standard deviation
are irput dyvectly or m tevms of o ospewl covariance matrix,  The following four target locu-
Hore e dre funetions ave used to prediet initiol target location for Monte Carlo simulation:

- e e e e e~ — -
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RANDOM TARGET TRACK
|-

Figure ¥,

RANDOM TARGET TRACK

Figure 9.

Uniformly Distributed Initial Target Area in TASDA., The
target location is random over a designated area. The same
type of target area definition is available in AZOI and SPAM.
Ilowever, the statistical distribution is time-dependent for
TASDA,

1
| |
| [
I 1
L1
SGMAX

(XPT, YPI) @

VAN

—_
&
£
S

somav[ |

Normally Distributed Initial Target Area in TASDA. The ini-
tial target location is normally distributed around (XPT, YPT)
with standard deviation SGMAX in the x-direction and SGMAY
in the y direction. The same type of area definition is avail-
able in AZOI and SPAM. However, the statistical distribution
is bivariate normal for SPAM.
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1. A uniform time-independent density function assumes that target density is con-
stant over a designated arca.

2. A Bessel normal density function is gencrated trom an initial bivariate normal
density function wnd expands at a rate equal to the best estimate of target velocity.

3. A time-dependent bivariate normal density function predicts a target position
when target tracking has been successful.  This function describes a target being
tracked when it is imperative to re-establish target contact.

1. A bivariate normal distribution tunction assumes that a target is normally dis-

tributed in an area generated from a single DIFAR buoy fix, a SOSUS contact, or
radar contact., This distribution does not expand with time.

The first and second functions werce used for uniform and normal cases in this study
(Table 1).

SPAM uses seven of the twenty inputs listed in Table 3. Required input is speed,
speed standard deviation, coursc and course standard deviation. Target location can be
assivned using three distribution functions:

1. A uniform time-independent distribution function with the property that a target
is equally likely to be at any point within a bearing box of length 1. and half-
width H.

2, A bivariatc normal distribution function which has a user specified mean and
standard deviation.

3. A univariate normal distribution function which has a normal distribution in an
s direction and a uniform distribution in a y direction.

Functivts 1 and 2 were used for data analysis in this study,
Acoustic Input
Acoustic input for each program is listed in Table 4, The acoustic inpat, source

level (21), ambient noise (AN}, and recognition differential (RD) are used o determine
FOM as in oquation 12,

oL - 00 - RE (.7

Probability of detection is defined tu he 0.5 when signid excess (SE) in equation 13 is zero
for propagation loss (PL) ot eange R.

s RO - PR (

(o)
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D cach progran a probability curve is used to assign probability values to values of signal
excess. When signal excess is greater than zero, the probability values will be greater
than oo, When signad exeess is 1ess than zero probability values will be less than 0. 5.

Table 1. Acoustic Input

ADEDPS TASDA AZOI SPAM

Prop Loss (PL) X X X X
i Sonres bevel X

Vvhient Noise X

Recognition Difterentid X

Fioure ot Merit X X X

Multiple FOM X X X

ROC Curve X

Multiple PL X X X

Convergence Zones X X

ADEF PN considers propagation loss (I’1.) curves, source level (SL), ambient noise (AN),
and yrecognition differential (RD), but ADF PS does not have a provision for time late. As
a4 res=ult ADFPS could only be applied for 34 of the 810 possible cases, There is no pro-
vision for multiple frequencies or multiple FOMs and a separate run was required for each
case, Inorder to reduce the number of runs, an FOM of 75 was selected with a frequency
of 300 Hz, llighteen computer runs were processed for scenario 1.

The TASDA program can accept up to three propagation loss curves and up to four
FOMs. These two features reduced the number of runs required from 162 to 13. The user
may input convergence zone ranges and widths instead of propagation loss curves.

In AZOI, a receiver operating characteristic (ROC) curve is required input, This
curve gives probability values as a function of signal excess, Other inputs are a table of
propagation loss versus range and a figure of merit, Two subprograms of AZOT were
modified in Mav 1975 to process multiple 'OMs, multiple propagation loss curves, and
multiple patterns,  The number of required data sets for input were thereby reduced from

=10 to eight,
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S PO aecepts one propasation To-s il Sth bregaency and receiver-source (ROR-
S denth identificanion numbers, Ay namber of propogation loss curves may be inpet
to the tile with oy number of Treguencie <, e rocram automaticeally scirehes throuch
the input propagation loxs file oo the approprinte propacation loss curve,  The main pro-
cran: APAN was moditied in o septomber 1077 for multiple T'OM, multiple time Tate, and
evaitiphe propagation loss input, The number of executions was reduced from =10 o eight,
v propacation Toss curve s classitiod as <shallor =shallow (S=5) for a shallow target wd
roveiver, decp=decp cD=Dy tor o deen corset and receiver, or shallow-deep (s=1 for cithe
aosbhslow target ov veceiver onooulput,

Aroradt Input

AUEES does not consider wirceradt parmneters except lor monitor Jdewradation as shown
in Fable 5. For TASDA, the Hichtpah is described ondy to the extent of specilyving the
clapsed e before arrival on stations The radio tregueney (RT7) range is the maxinwam
allowable distisce betwees the aireraft and a sonobuov which permits vadio reception,

For TASDAL the nosition of the adreratt is lixed at the center of the field lor the simulation.
\Z0i nses time Tate, aireralt velocity, und on-station time to caleulate C1O1),  SPAM in-
cledes fime Tate and time on stiwton s well as aiveraft ground speed,  The user specified
sround =peed D SPAM determines the time at which cach buoy comes up.  Only thosc bhuoy s
Chin g user-specilicd R rance are monitored.  Alter 1l buovs are in the water, the uscr
Ccat specidy csonobuoy nonitoring scheme that reflects BE constraints.

Table 5. \ireradt Liput

‘ I
! CoADLPS J FASDA RYAS)! I SIPAM
AR A ALOSL e

' | !

BRI Ramece : N | X
| | |
! Fime Late N N i X
f Tinve on Station ; X | X
{ Jonitoring Seguence i N
| !
P ona! Spreed l X
’ | , !

Vonjtor Degradation : X {
o i ! .

sty o o Mostel Input
Foe ol e s o - uses dillerent mathemation! ool otions to desceribe a wactical
Sitde e open oecor anvivoninent. The formalations sre based on assumptions albxut
the varponee ol the Foal, e aracunt ol signad eacess vecessary to detect o tareet, sawd the
Sepende coer independenee) ol sonobuove colleetively contributing to o detection,




VO s s ese! patterns, ae preset package cannot be modified. TASDA also
e nreset pattern package, but the package can be modified, AZO] and SIPAM have no
preset pattern fites, ADEPS has a normal initial target location distribution. TASDA,
A7 and SPAM all have options for uniform target location distributions and normal loca~

Jdon distvibutions.,

VI models input o propagation loss curve,  TASDA may input propagation loss curves
at three different depths,  Therefore, one sonobuoy pattern may have sonobuoys placed at
diticrent depths,  AZOT inpuis o receiver operating characteristic (ROC)Y curve which assigns
2 vrobability to values of 31, In ADEDPS and SPAM this curve has a normal density distri-
Liioa with probability egual to 0,5 at the mean of the normal distribution. In TASDA
cunulative probability is determined from a Rician density Distribution, TASDA assumes
Al ~enobuovs arce activated at the same time, In SPAM, the user specified ground speed
deter mines the time each huoy comes up.

V. ANALYSIS OF RESULTS

I'wo tvpes of program outnu! are compared by this study: expected probability of de-
tection (EPODY and cumulative probability of detection (CPODY. FPOD follows the statistical
definitions for expectation. CPOD is computed from a probability density function which
follows the statistical definition of a density function, FEach program uses different assump-
tions to arrive at ¥ POD and different density functions to calculate CPOD. Since methods
of calculations are different in each program the output have different numerical values.

The analvsis in this section examines mathematical techniques to explain the CPOD and
FPOD numerical output,

A list of all program output is given in Table 6. Although CPOD and EPQD para-
meters in Table 6 are listed for TASDA, AZOI, and SPAM, numerical output for these
measures of pattern effectiveness are not the same. The output values were analyzed in
reference to four scenarios. Three target-receiver depth combinations, shallow-shallow
(S-8), shallow-deep (S-1)), and deep-deep (D-D), were used to generate propagation loss
curves for the first 3 scenarios, Probability of detection was predicted for three FOMs and
for a low frequency range, middle frequency range, and a high frequency range in scenario
1, 2 and 3, sScenario 4 uses two target-receiver depth combinations, two frequencies and
one I"OM\,

Scenario 1

I'xpected probability of detection was calculated for five patterns with a uniform and
normal initial target location distribution. Time late was not a factor in the uniform case
because that parameter did not change the initial target location distribution for AZOI and
SPAM, Therefore, values for 1 and 4 hrs time late have been omitted and only values for
30 min time late appear in Appendix C, Cumulative probability of detection was analyzed
using the method shown in Iigure C-1. Using this method cumulative probability of detec-
tion was converted to a single eventual probability of detection value for comparison pur-
poses, Both the eventual POD values and the original CPOD curves appear in Appendix C
for TASDA, AZOI, and SPAM, The 18 CPOD curves that were generated for ADEPS are
shown in Figure 10 with the corresponding curves for TASDA, AZOI and SPAM. Since
ADFDPS could process only two of the patterns the results were not analyzed for inclusion
in Table 7. lowever, the relationship between ADEPS output and output from the other
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three models can be deduced from Iigure 10, (ne characteristic of the ADEPS curves is
that thev alwavs rise to 10077 PO,

Table 6. Measures of Lffectivencss

ADEPS TASDA AZOIL SPAM PROGRAM OUTPUT

X X X CPOD

X X X EPOD

X PD2

X PD3

X MIIT1

X MHT2

X MHT3

X MHFD

AN
X p
X P(t)
X SIGMA
X P(DE/NDT)
CPoD cumulative probability as a function of time on station
L Pob expected probability of detection on one or more sonobuovs
PD:2 probability of detection on two or more sonobuoys
PD3 probability of detection on three or more sonohuoys
MHT1 mean holding time on one or more sonobuoys
MHT2 mean holding time on two or more sonobuoys
AMUHTS mean holding time on three or more sonobuoys
MTEFD mean time to {irst detection
l} average conditional probability in a section where the submarine
is assumed to be a random target
Pty cumulative probability that a submarine has entered part of a
buoy ficeld where signal excess SE is greatey than zero

SIGAA stundard deviation of POD

PLL/NDT) probability that a target will be detected given that it has not
heen detected in the past

U'niform (Case

I oD valunes for the uniform case were averaged over three I'OMs and three frequen-
cies andd the nverages are present in Table 7, For o shullow target and receiver, TASDA
Shows thie T=1=i~14 pattern as most effective over the frequencies and FOMs with a value
af 3.0 L POD. For the shallow-deep target-receiver combination, TASDA shows the
chevron pattern as most effective, For u deep-deep tarpet receiver propagation loss
curve, TASDA <elected the chovron pattern, A7Z¢1 sclected the circle pattern and SPAM

20
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Probability of Detection versus Elapsed Time on Station for

Scenario 1 with a Uniform Target Location Distribution.
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selected the 4-4-4-4 pattern as most effective,
pattern selection., This is because of the different modeling in each program. Since the
patterns were defined at a near optimum sonobuoy spacing, the models give about the same

probability averages for each pattern they evaluate.
probability of detection from one model to another is very noticeable.

Note that there is very little agreement in

However, the difference in average

Differences in model

output is as much as 347 predicting the performance of the same pattern. Since there
was not much difference in EPOD between the five patterns using one model, the number of
patterns considered was reduced to two, Only the circle and 4-4-4-4 pattern were pro-

cessed in subsequent scenarios,
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Normal Case

Time late is a factor for I'’POD in the normal case. The time it takes an aircraft to
arrive on station changes the distribution for initial target location, At time late equal
7zevo TASDA, AZO1, and sPAM all have the same normal target location distribution as
shown in Pigure 11, At 30 min time late, the normal distribution spreads out as shown
in l'igure 12 and Figure 13, After 30 min the probability that the target is at the originul
estimat ed position is smaller. since the target location distribution does change, the
eventuil probability of detection values are different for each time late. ['hese values are
given in Appendix D under Normal Case, In this study normal case output CPOD values
were averaged over three 1'OMs and three frequencies and over each time late, Table 7
~hows sveraged values, ‘The three sets ol output show that AZOI is consistently the most
optimistic of the three programs, ‘This is a change from the uniform case where SPAM
was the most optimistic.  As in the uniform case, the averaged values were very close
for different patterns using the same model, The ellipse and chevron skew patterns were
processel subsequent scenarios.,

scenario 2

Crmulative probability of detection was calculated for two patterns with a uniform and
normal initial target location distribution, The first flight arrives on station after one
hour time late and remains on station for four hours, A standard deviation in target speed
i~ introduced, The tast three flights arrive on station with no time late and remain on sta-

tion for four hovrs, This scenario is simulated by 1 computer run with one hour time late
2l 16 hours on station,

Tae values in Table s were obtuained by examining CPOD curves and attaching a numeri-
cal vdue to ench curve, o order to arrive at a numerical value the slope of the curve and

Table S
PPercent 'robubility of Detection tor scenario 2
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Figure 11. Normal Target l.ocation Distribution for TASDA
AZOT and SPAM at 0 min Time Late,

DISTANCE (nm)

Figure 12, Normal Target Location Distribution for TASDA
and AZOI at 30 min Time lLate,

{MISTANCE (nm)

Figure 13, Normal Target [.ocation Distribution for SPAM
at 30 min Time l.ate,
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its maximum value should be considered, .\ numericnl value based on area under o curve
wis used since area under a curve depends on rise time and curve height, For example, in
Iigure 14, Curves A and B rise to the same probability of detection equal to 20,5, However,
curve A rises to that PO taster than curve B and has a higher nurnaerical indicator attached,
I Figure 15, curve ¢ rises as fast as curve N, but curve O rises to a smaller DOD maxi-
mum, Therefore, the tactic associated with curve A has o higher measure of effectivencss
than curve C and thus, has a hicher numerical indicator,

The area under the CPOD curves was estimated by visually inspecting the curves. The
method used to caleulate the CPOD curve indicator values is shown in Figure ¢ -2 in Appen-
dix €,

i niform Cuase

¢ oD indicator values for the uniform case were averaged over three I'OMs and three
Ilrequencies, and the averages are presented v Table s, The indicator values tor each
curve are shown in Appendix (', In this scenario onlv two patterns were consjdered and
computer output showed onlv purtial agreement, flowever, it is importunt to rememher
that in the uniform case initial target position iz unknown. For all three models indicator
values Tell within o few percentage values of euch other for the 4-j-4-1 and circle patterns.
Tlowever, the ditfference hetween models is as much as 37 i the D-D casc and 1= notice-
ahle in all cases,

Normal Case

CProd indicator values for the normal ¢ase were averaged over three IFO)Ms and three
frequencies and the averages re shown in Table 5, The indicator values are shown in
Apoendi~ O, Inthis case, initial target location points arce clustered toward the center of
the opesation area for FASD A A Z00and sPAM, One would expect these three models to
comue the notterns sincibeorhy sinee there 1< now some control on target location, Jable 8
dov e nversie poobability of detection valees remain noticeabiy different, Note that the

soenascitererce 50 b0 for e S-S cdepth wiin the ellipse whereas  in the uniforn
vo- te o vru s diference was 20 o e crvele fov the S-S depthy This celatiorship

it erences ean be obsorved for both patterns ot all depths,  The lone on staiion
e T ot s dpeeires o haee an aftect on the Yarge Jifferences,

Con e pahability ot certection cosuad wos cadeulated for two pruterns with v uni-
oot i el Corget Tgeation distritndior,  four flights arvive on station with 1
v oo romain oo Station for fowr hours,  Pach fTight scarches a quadrant of

e feld, Sinee the sonobuov patterns e o mmdt eie with respect to the center
G escach gquedrant hos an idemien] sonobuoy peamnctre, Therefore, only computer
S Do om one uendrant were necessaryv, 'istend of obtaining CPOD indicator values
o Tl speeting cnresy o e vadues were obtained by dividing the (1o curves
o tyne e s shown o a0 ol Appendix ¢, CPob indicator values for the uni-
IR TS o ease wore vopanesd over three oy and three frequencies and ave
St . [ X ‘

e

e e ———
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Table 9
Percent Probability of Detection for scenario 3
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I the uniform case results in fable 9 show that there are still significant differences
inmode! outpuis at all depths,  However, shortening the on station time appears to have
Lrought the values ¢loser together in the normal case, There is only 2,37 maximum dif-
ference at the S-S depth,

scenario |

The cirele and chevron skew iAppendix A) buoy fields were considered, 1he environ-
ment was ¢ anged from the bacific 1o the Atlantic for a different type of comparison, I'he
v speed profiles in Uigures 2 and 3 show thet there is no CZ so sound propagation is
by divect path,  The propagation loss curves in Appenlix B indicate bottom bounce is pre-om
with o 17 =100 ft source receiver depth combination. Values in Table 10 show average oD
volues obtained fov the Atlantic emvironment,  Uvdrophone depths of 100 and 1900 {t were
choser for simulation ond the results are shown in Table 10,

'V s scenario vas chesen to shoy how the models vespond in g fLzeet path environment,
As Cagpvctedy, e calies are Daver than in the other scenarios because of the absence ol a
cortertomoe zone en ironment,  Fhe one noticeable result in the output averaged in 'able
10 1< the Lich evaluation by AZ01 using the chevron skew pattern in the normal ciase. Actu-
allv, i whot one woold jredict for the chevren <lew pattern since the coverage is
corcatest i the coenter where the turget is most likelv,  ihe other two models, however,
did not epeasc daeir coredicdion- cignificanily from the uniform case,
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Table 10
Percent Prolability of Detection for Scenario 4

UNIFORM CAs NORMAL CASE
5-8 D-D S-5 D-D

GULE STRICAM GULE STReAM

CIRCLE (TASDN) 15,1 8.7 CHEVRON SKEW 2508 12,3

CIRCLE (AZ20D 286 2804 CHEVRON SKEW 67.3 39.9
PCIRCLE (5PAM N7 25.7 CHEVRON SKEW 24.1 2.0

SLOPE WAT SR SLOPE WATER

CIRCTL 1Y 6.0 S CHEVRON SKEW 10.1 9.1

IO LR 2400 23.7 CHEVRON SKEW 41. - 36,1

CIRCTLE 3204 30,7 CHEVRON SKEW 52,0 32.iJ
V. CONCLUSIONS

I apected probability of detection is calculated using four different methods., ADIDS
calculates the average conditional prohability in a symmetrical subsection of a buoyv field
pattern where the submarine is assumed to be a random target., TASDA computes prob-
abilitv af detection by one or more buovs using Monte Carlo simulation of 100 random
tracks throueh a buov field and a detect (POD = 1) or no detect (POD = 0) analvsis for
cach track.  AZOT uses a binominal probability function to calculate PO where a value
for time alonge a track is chosen randomly. SPAM uses a Monte Carlo simulation and
calculate< F PO by averaging o probability obtained through assuming independence of
buov= wwith o probabilitv obtained by assuming complete dependence of huovs, Since the
methods of caleulation are different in each program, the output for POD is not exactly

the same,

ADE S, TASDA, AZO7 and SPAN all calculate cumulative probability of detection as
a function of time,  Ttowes er, the method of caleulation is different in all four programs,
ADEPS uses an exponential expression to estimate a conditional cumulative probability
i as discussed in section [, TASDA uses a detect - no detect Monte Carlo methodologv,
AZO1 uses TPoD caleulation to obtain an estimate for the lower limit of CPOD, In the
case where the target location is assumed to have a uniform distribution, the CPOD does
not change with time and is equal to FpPoD, In the normal case, FPOD and CPPOD are dif-
ferent since calculations for the normal case are time dependent, SPAN uses a cumulative
time window to limit PO ealculations for CPOD,  since different techniques are used for
cach program, it is not expeeted that CPOD output will be exactlv the same for each pro-
cram, ADFDPS outputs I oand Pty TASDA outputs CPOD, POD and mean time to first
detection (A\UI'FIh: AZOT outputs CPOD, FPOD, standard deviation (SIGAMA) and probabil-
ity that a tarect will be detected given that it has not been detected in the past (17 DIF/NDTY;
<SPAM outputs CpabD and FPOD, Although the svmbols CPOD and FPOD in Table 6 are
nscd for TASDA, AZ01, and SPAM, the output for these parameters masv not he the same,
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Ve follewvine conclusions are indicated by this <tody,
1, FASDA I Conservative at Jow FOMNs

Inlike V201 or SPAN, TASDA requives cortaet during two consecutive time steps
hetore o detection is made,  TASDA construets probability arcas around each buov bounded
by tve concentrice cireles as in Pigure 16, These arcas represent the locations where the

TASDHADE TECTION POINTS

TIME STEPS ;

D L L e I B B T S G S -
TARGET TRACK

7/ Ay
" L
AL
b HRST \ﬁ
CONVE RGENCE v Lo
JONE P DIRECT
PATH

Ficvure 16, Tarcet Prack tor FASDA inmd S>>0 Pegion Around a sonobuov,  pPoly = 1,

sienal excess s is greater than zevo, [ the tavect remains in one of these areas during
two consecutive time steps, then the POD 1 for that time period,  Otherwise, the POD =
¢, There vill he a set of thesao values for ench of the 100 TASDA trials, The values are
summerd orer 100 triads to come up with CPOD values for cach time interval, At low 1'OANls
the areas bounded by concentric cirvceles become very small and as a result, the CPOD
values dron rapidiv to zeveo.  AZ0L and SPAN compute POD versus range for each buov
rather than assigning o 0 or 1 value at a particular rance.

2o SPAM s Optimistic at Tow PONS

If the target is at a ronge such that a faint line will be created on a gram, then
there mast be some amount of time duving which the tarcet remains at a detectable range
in order tor the operator to see a lives call it tg. Fven after tg time has passed, the oper-
ator mav not <ee the line, The probability that the operator sees the line increases un
antil seme time, ty, Chewe rwo values for time are incorporated into a cumulative time
sindow (CFW, model which examines the probabilities betveen these times in increments
of time 17, 'he smoltler the value of e the higher the PO value, Standsrd apevating
values fon SPAXN ave (tp, 11, Y, = 20, J05, 050, This means that the target must re-
main o1 a detectble rance fav onlv 15 minttes (o achieve the prohabil tv o detection pre -
dicted by the standard nussive sonar equation,  ‘The values tg, 1, b in the CTW caused
predictio « for SPAM to be optimistic at Tow FOMs,  Detoerion can ovcur at any time
betfore or ter lg, depending on chonee,

A SPAM Results are more Conserviitive at High PO s

e € 'W omiodel bailds detection probabilities experimentally for a target re-
roaining at o fixed range untsd time ', with the probability predicted by the sonar equation
achie. 1 atrer time ty bas passed,  This function nuso smoothes the jump from low prob-
abilitic - n-sociated with fow L ONs to hizh probitdlities associated with high FOMs,




de TASDA and AZOT show a Jump in C1OD as FOM Increases

A normal distribution around the figure of merit is used in the SPAM model,
The belief is that the area under a2 normal curve is equal to the probability of detection.,
SEo= 0 when FOM = P, At that point there is a 507 POD, As shown in Figure 17,
SPAM POD gradually increases as SI increases. ‘Truncation has an effect on CPOD values
for AZOT with low FOMs,  For low FOMs there is very little signal excess and probahility
depended on the left half of the curves above; therefore, the CPOD values dropped quickly
to 0, TASDA uses a Rician Distribution to simulate short-term fluctuation in the ’1. curve
and ealeulations are based on the assumption that below the FOM an operator is unlikely
to detect a target, Detection is either YIS or NO based on SE 0 after emploving the Rician
fluctuations, As is apparent from the graphs in Figures 17, 18 and 19, AZOI and TASDA
have probability distributions which drop off quickly to zero below the FOM, Therefore,
TASDA and AZOT exhibit breaking points when the FOM reaches a small enough value, At
these FOMs CPOD falls rapidly to zero.

3. AZOI Shows Small Variance Belween Patterns

AZOI differs from TASDA and SPAM in that TASDA and SPAM use successive time
steps along a target track for a particular trial. After a track has been generated for a
particular trial, AZOI picks random points along that track and evaluates POD values at
those points. Theretore, the time increments are not evenly spaced but randomly spaced.
At cach point, the range to each buoy is calculated and the probabilities associated with
cach buoy are summed to give a POD for the target at a point along the track. In this
manner, all contributions are considercd. The probability at a point along the track is not
zero or one as with TASDA, nor is execution terminated when a detection is encountered as
with SPPAM. So this method vields more values for POD along a track; and a cumulative
time window is not emploved as is the case with TASDA and SPAM.

These five differences in the three computer simulation models result from various
interpretations of the tactical sonobuoy situation under consideration. These interpretations
result in different output values for each of the three simulation programs.

The large differences between computer models require further investigation. Future
studies should be based on a real world application of the sonobuoy programs. Real world
mission planners usually have SOSUS or other intelligence information for input to the
model and are interested in POD versus buoy spacing.  The output data sets in this report
are not designed to reflect a real world application of the sonobuoy programs, but acquaint
the reader with the amount and type of data output generated by considering a few pattern
configurations under several different conditions,
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APPEXNDIX A

SONOBUOY PATTERN DEFINITION

A-1



Figure A-1.

Figure A-2,

CIRCLE PATTERN
Spocing 95 nm

Circle pattern used in scenarios 1, 2, 3, and 4
for a uniform target distribution.

ELLIPSE

4pa g 5 oam

Ellipse pattern used in scenarios 1, 2, 3, and 4
tor a normal target distribution.
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Figure A-3. 4-4-4-4 pattern used in scenario 1 for a uniform and
normal target location distribution and in scenarios 2,
3 and 4 for a uniform distribution.

CHEVRON PATTERN

Sporing 14 nm

Figure A-4. Chevron or X pattern used in scenario 1
for a uniform target distribution.
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Figure A-53, Chevron skew pattern used in scenarios 1, 2, 3, and 4
for a normal target distribution.

Tigure A-G.

CATTHRN

3-6-3 pattern used in scenario 1 for a uniform
and normal target location distribution.
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BRUSHIAC PATTERN

Spaciag & am

Figure A-7. Brushtac pattern used in scenario 1 for a uni-

form target distribution and for a normal
target distribution.



APPENDIX B

PROPAGATION LOSS CURVES
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Figure B-2. Propagation loss curves at a shallow receiver depth and deep
source depth for scenarios 1, 2, and 3.
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Figure B-4.
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with no convergence zone used as input to the tactical models in
scenario 4.

B-5

Propagation loss curves exhibiting direct path sound transmission
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APPENDIN €

OUTPUT VALUES

Thi~ appendix contains a summuary of the computer runtime for cach ol the scenarios,
[t should be noted that the runtime for AZOI includes the calculation of P DENDT in addi-
tion to FPabD and CPoD,  Also, AZOT includes pattern processing time. Runtime must
he miltiplied by a factor of 60 when estimating minicomputer runtime. Therefore, the

values can be considered in hours rather than minutes when making minicomputer run-
time estimutes,

Also in this appendix ore the original data generated by the programs (Figures -1
through C-62), The data are presented in graphical form. The original data were reduced
to single EPOD and CPOD indicator values for the purposes of program comparison in this
report, The method for obtaining the indicator values is shown in Figures C-63, (-6,
(-63. The derived indicator values for each FOM, frequency and depth combination are

listed in the tables in the appendix. These values were averaged to obtain values for
analvsis in the text of this report,
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Table -1, Runtime Using
The U'nivac 1105 Computer

CPU Iime I/70) Time Total Fime
Scenario 1
I'ASDA 31.7 min 1.5 min Sh.Z2 min
AZOH 150,33 niin .3 min I~O, 6 min |
. t
SPAM 1100 min 1.5 min 1105 min “
‘ |
Seenarae 2 i
|
. 1
{ FASDA 17.0 min 1.2 min I-.2min
‘; VAR 13,0 min .3 min 5.5 min
i < LR H H . oy H
! SN 25,3 min .9 min 21,2 min !
+
- Y |
Seenario B
FASDA 6,6 Mmin 1.3 min | T.9 min 1
A7 14,0 min .3 min hoo oo
~PPAAN 12.1 min .9 min ! 13.0 min
!
Sectovio }
ASDA B.N min 3.2 min { 7.0 min
AVAS)| 12.7 min .3 min 13.0 min
SN 11,6 min .7 min 12,5 min
l f
- — Jd

The output tred 1o construct graphs of the original data was ebtained from computer
H=tinn - of <et time intervals for cach model,  TASDA owtputs C PO values in incremaont s
Lo of s bonr, Time Late 1s o divect input for TASDA,  The user specifies Target

I3 i

Spcedy and pistance Travellfed Yo tareet while aiveraft i= on station,  Time on <tation 1+
ventaiod neing the-e variables,

VO octputs CTOD valines v increments of time specificd be b e voor, oy the three
Scoenarios, the inerement was <clto W min or 176 of an hour, T covt,on vill not termindite
botore "ne end of 1l Dime o =oation, Runtime calae- are <howe o Palle O=1, 0 A7 ont-
et b eeeted! prrobsd e tive f Detecetion (PO for the 10 o0 Case, o Theretore, only
O e s char d mestead of oo eries of steaeiiy s oo vaines,

Vs CPC T v olues B dncrements oi b Fo ol an hour o cvey 6ominute,
Ve terminate outu cvhen the CRog valuces scttle oot 1o roosimum vaaie hefore

fhe o ad e o cny Stion period,  ctpi vadues< Tor WD oS vere not ineladed,
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UNIFORM CASE

Scenario 1

CIRCLE PATTERN

TASDA AZOI
100 100
FREQ 50 H: RE - < o —m
FOM 70 dB ’
/
Q YA - .
S 50 - 50 — -
X ’ Fe
; ‘ / e FREQ 50 H:
14 L P FOM 75 dB
o] ‘/' - 0 L
0 2 4 6 8 io 0 2 4 6 8 10
HOURS HOURS
100 100
FREQ 300 H:
FOMm 70 dB 74 e e e
Q
2 SO — T T - 58 / LT T T T
S e - —_——— 0y FREQ 400 H:
2 [/ /Y FOM 75 dB
0 L - 0 V
0 2 4 6 8 10 0 2 4 6 8 10
HOURS HOURS
" 100 100
FREQ 1000 H: FREQ 1000 H:
FOM 70 dB FOM 75 dB
[a] —_ - — - _—
Q 5o L os0 ,,q7{;,“ o N
21 4—/_,, S — 26 e e
: ///
o ¢ o«
0 2 4 6 8 10 0 2 4 6 8 10
HOURS HOURS
FREQ 50 Hz FRINQ 300 Hz
FOM 0 7B 30 70 B} 8()
CIRCLE (TASDA) A4 .50 ,96 W22 .58 ,86
CIRCLE (AZOI) .54 .88 .99 A0 74,95
CIRCLE (SPAM) e 0D L8681 «09 .72 90

SHALLOW.SHALLOW

SPAM
100 _ e
96
Y
50 FREQ 20 H»
FOM 80 4B
0
[¢] 2 4 [ 8 10
HOURS
100 )
86 R
7
i
rU r/
i
A/ FREQ »00 H:
/ FOM 80 dB
0
0 2 4 6 8 10
HOURS
100
e e
76 ““/ - “7\;_;,:;*“"?'1?;‘:::“
// Ve
so [,7
/ FREQ 1000 H:
V FOM 80 dB
0
0 2 4 6 8 0
HOURS

FREQ 1000 Hz

0015 80 ST
21 .26 .76 19,9
$20 L4607 66, 0
«Al L6 L 8D 70,3

Figure C-63. Scenario 1 - Fventual Probability of Detection for a

shallow target and receiver,

The eventual POD value

is t! » maximum 7 POD attained by the curve. [Iventual
POD is obtained by observing the maximum POD for

each CPOD curve.

These maximum values are summed

over frequency and FOM to give a percent POD for a
uniformly distributed shallow target and a shallow

receiver,

Not for example: (.14 + .50 + .96 + ,22 +

D8 + .86+ ,21 +,26 +,76)/9 = 49,9,
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Iigure C-64.

target and receiver,
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Scenario 2: Average DProbhability of Detection a shallow
The average POD value is obtained

by visually estimating the area under the CPOD curve,
These average values are summed over frequency and
FOM to give a percent POD for a uniformly distributed

shallow target and a shallow receiver.
LUl - L1530 47 0 88+ .14+ , 17 ,63)/9 =

(o144 .19 -

17,27,

Note for example:




1e° RT* ot oLt 09°* 9g FLe £g* ce” t-F-t-%
Lre en” 0o * (652 F1° 00° 9¢ e ¥F1° 00° -t-%-
10° 00" 00 nee 10° 00° Ao 00° 00" F-t-+-1
cF* cg* A cre e 1¢° 1L 19° ee’ ATOHID
‘ 0e® 90" 0o i 91° Fo°* Let 61° 00° ATOMUID
10° 00° 00 T° 00° 00° FE° 00° 00° 101D
(3J00€-133002) Jd:d-dM4d
1+ et (S n9°* o¥* Ls” 89" |t 62 ° F~+-¥-F
61° 9L 0o* oc* 90" 00° L 91° 00° F-+~F-F
61" co° 0n* 6% co* 10° L8* S0* 00" F=F~p-F
o9F " Lo Gt e 0c* cg* 0L°® gC* RE* ATOHID
1 a% 00 LF* 0 00° 9L"° 4G 00 ATOMID
ar” o 0o " 1¢” L0 00° 1" 10° 00° ATOUID
W00e-10Y) JdMU-NOTIVHS

00° go” e FL® 1L k" eL® aL® 16 P-v-+-F
cer ree o e 1 A i e6" 8% ° 10° ¥-p-1-F
nLe vet LTt L6° cer A 86 ° Let 12° F-t-t-F
YA ces i 15 it S €] Y Ih (INVdS) 310410
joe ~1° £0° 08" F° or"* i Ly 10° (10ZV) 3710410
cor 11 AN 88 ° L" cre 6° 6% er” (vasvi) 4710410

ns En m 08 cr 0L 08 L 0L NOJ

Zi 000T O Z1 008 O zi1 0¢ HAYI
GI09-309) WO TIVHS-MWOTIVHS LADYVL IWHOJINN
el swi] Il T JB
1P3IB], WIoju,l ¢ 10j
uo0132939(] JO A[IqRqod ] 28vedaay
2 OLIBUIDS :g1-.) 3L

C-79




Le’ cee ot * L
06 * oL* 00° £6°
20° ¢ 0 e
Lo° cge LI 8"
6" cg* 10° ¥6G*
cp* 0" 10° Qe
(33008-13002) dAda-dA3d
eL” 9¢g° A gL*
R co* T0° 66
cg* 9t1° <IN 98"
c9* gg* 6c " FLe
£8”’ or1° €0"* L6°
62" Tt 30" $)°
(3002-309) dA AA-MOTIVHS
a° oL 9F * 8R "
wmo Muw. ﬁH- wao
96° 6e* 1e* 86 °*
cR* L9 ce” 16"
16" cg vz 86°
08 ¢l 0L 08

ZH 000T HHUd

(3309-3309) MOTIVHS-MWOTIVHS

Ge* or* gL*
¢6t oL* QG *
co” 10° 6°
€9° or* 98 *
L8 ey i
€o” 10° 1R
Ls* 9¢* oL*
9L 10° 66°
PT°* €0” 16°
09° €¢* 8"’
9L° €0° 86 °
i1’ 10° 96 °
PL* 29° 92"
96 ° 1L° 66 *
68° 9¢° 66°
I8° of * IR°
¢6° Lt 66 °*
¢l 0L 0K

ZH 00 O

2381 awrt I 1T
193J4E [, [EWJON b 10}

uo319919(] JO A Iquqodd 3deaaay

2 OLIBU3IS ({1-.) [BL.L

Le® et
¢o* 10°
<o” €0
co° RE
g ° 10°
90° €0
L’ 155 2
LL® <0
IT° 10°
¥9° 9¢°
8L* ¥0°
0z’ e0°
¢ 19°
06°* - L
16° 1¢°
R’ Le*
eG” 19
o I
CL 0L

ZzH ot DA

NOHAHHD
NOHAMIHD
NOHAHRHD

ASdTTTH
ASAITTA
ASATITTH

NOHNAHD
NOHATHD
NOHAMHD

ASdIT T
ASATTTH
ASIITTA

NOYAJHD
NOHAIHD
NOUATHD

UAVAS)  AsdiInd
JOZV)  dASdriTi
WWUSVL) ASdIT 154

XOJd

LAODAVL TTVIVHON

C-80

-




UNIFORM CASE SHALLOW-SHALLOW
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FOM 70 dB — T T T
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Q so 50 }//V,,T_
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% %1!1‘ Il rom7sds
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Pl il romsods
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i
o Ll
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e
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0075 30 s
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«25 40 .63 55,2

Figure C-65. Scenario 3 and 4: Average Probability of Detection for a
shallow target and receiver., The average POD value is
obtained by summing the POD values at each time incre-
ment and dividing by the total number of time increments
to estimate the area under the CPOD curve. The average
values are summed over frequency and FOM to give a
percent POD for a uniformly distributed shallow target

and a shallow receiver.
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INFORMATION




DEPARTMENT OF THE NAVY
U.S. NAVAL OCEANOGRAPHIC OFFICE
NSTL STATION
BAY ST. LOUIS. MISSISSIPPI 39522 IN REPLY REFER TO

Code 9200
8 February 1982

ERRATA

Naval Oceanographic Office

3
kY
<
&

Technical Report TR260, "Assessment of Tactical Sonochuoy Computer
Programs for Environmental Software Systems (U)," February 1981, should be
corrected as indicated helow:

1. Replace graph Lat 3935N Lon 7130W on page 10 with "peel and
press" graph Lat 3936N Lon 7029W.

2. Replace graph Lat 3936N Lon 7029W on page 11 with "peel and
press" graph Lat 3935N Lon 7130W.
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